In the present work, several commonly used aluminum alloys were investigated for their protective properties against gamma radiation. The gamma transmission technique was used to study the gamma attenuation behavior of the alloys. Cs-137 (0.662 MeV) and Co-60 (1.25 MeV) gamma radioisotope sources, which have relatively medium and high gamma energy levels, were used as gamma sources. The linear and mass attenuation coefficients of the aluminum alloys were measured. The mass attenuation coefficients of the samples were compared with the theoretical values which were calculated using XCOM computer code. The difference between the experimental and theoretical values was below 5%. In addition half-value layer (HVL) values for the studied aluminum alloys were calculated using the linear attenuation coefficients. The attenuation coefficients of the different aluminum alloys were compared. The biggest HVL was observed for 1050 alloy, for both gamma isotope sources, which means the smallest gamma attenuation capability among the studied alloys. It is concluded that the alloys were applicable for the gamma radiation shielding applications.
Introduction
Aluminum is one of the light engineering metals, having a strength to weight ratio superior to steel. Pure aluminum is relatively soft, ductile, and corrosion resistant and has a high electrical conductivity. It is widely used for foil and conductor cables, but alloying with other elements is necessary to provide a higher strength needed for other applications. Aluminum alloys are used in engineering structures in a wide range of the industrial sectors. Most of the aluminum reaching the marketplace is alloyed and such alloys have extensive application areas [1] .
By utilizing various combinations of its advantageous properties such as strength, lightness, corrosion resistance, recyclability and formability, aluminum is being employed in an ever-increasing number of applications. Aluminum is the most strong and resistant material for every season. It is 43 times more lasting than wood, 23 times more lasting than PVC. It does not need the extra protection against ultra violet light. In an alloy aluminum can be strong and durable as much as iron and steel. On the other hand aluminum is by 1/3 lighter than these metals. The array of aluminum alloy products ranges from structural materials to thin packaging foils. Alloy systems are classified by a number system of ANSI. Aluminum alloys are also used in nuclear reactors for different purposes (e.g. it is used as the tank material for the TRIGA Mark Reactors). In this study, the behavior of aluminum alloys against gamma radiation was investigated. Several aluminum alloys were studied in the experiments. * corresponding author; e-mail: selahattin06_yildirim@hotmail.com
Experimental procedures

Materials
In this study, six different aluminum alloys were used in experiments. The contents of the studied aluminum alloys is given in Table I [2] . 
Gamma sources
In the experiments two main gamma radioisotopes were used as gamma source. One of them is Cs-137, which has a single gamma energy peak, and the other is Co-60, which has two energy peaks above the energy of 1 MeV. Properties of the gamma sources are given in Table II . 
Gamma transmission technique
Gamma transmission technique is a radiogauging technique that is also a non-destructive method. It is used to examine the behavior of the materials against the radiation. The gamma source and the detector are placed (813) on the opposite sides of the materials, on the same axis. Gamma radiation comes from the gamma source, penetrates the object and the detector detects the transmitted gamma rays [4] [5] [6] [7] [8] [9] [10] . The principle of the gamma transmission technique is shown in Fig. 1 . Lambert-Beer's equation is used for gamma transmission technique:
Mass attenuation coefficient can be found by the following formula:
where, µ m is the mass attenuation coefficient of the material and ρ is the density of the material.
In the experiments, gamma rays were detected by Canberra Model (802-2X2) NaI scintillation detector and digiBASE model PMT with integrated bias supply, preamplifier and digital multichannel analyser, which was supplied with MAESTRO-32 MCA Emulation software combined system. In experimental geometry lead blocks were used for radiation shielding and collimating of gamma rays, so scattering effect was minimized by using a 7 mm diameter harrow hole.
At first the background radiation and after that the initial gamma intensity without any material (I 0 ) were measured. Gamma intensities (I) were then measured for each material at different thicknesses. Net intensity counts were calculated by reducing the background. Each measurement was repeated minimum three times using the accumulation time of 300 s. Relative intensities (I/I 0 ) were calculated at different thicknesses. After that, the graphs which include relative intensity as a function of material thickness were drawn. The linear attenuation coefficients (µ) were calculated from the graphs by using Origin 8 computer program.
Results and discussion
The behavior of the aluminum alloys against the gamma radiation sources was studied experimentally. The experimental studies consist of two steps. In the first step, the transmission of gamma rays was measured with Cs-137 gamma source. In the second step, the experiments were repeated with the Co-60 gamma radioisotope source. The experimental results are given in Table III . Figures 2a and 2b show relative intensity as a function of material thickness for six different aluminum alloys against Cs-137 and Co-60 gamma radioisotope sources, respectively. The graphs of relative intensity as function of material thickness were drawn using the values given in Table III . The experimental linear attenuation coefficients (µ) of the materials are shown in Table IV . The experimental mass attenuation coefficients (µ/ρ) were also calculated for the studied aluminum composites. XCOM computer code was used for calculation of theoretical mass attenuation coefficients [11] . Linear attenuation coefficient, experimental and theoretical mass attenuation coefficients and their difference in percents are given in Table IV . For all samples, the experimental and theoretical mass attenuation coefficients are acceptably close to each other. 
Conclusions
Shielding properties against gamma radiation of six different aluminum alloys were studied. As a result, the increase of the amounts of high-atomic-number elements in the alloy leads to a decrease of the linear and mass attenuation coefficient of studied aluminum alloys. The differences between theoretical and experimental results were in the range of 0.07-10.74%. Therefore the calculated and the experimental results are in agreement with each other. 
